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Abstract: Background and Aim: Commuting by bicycle could contribute to public health, 
and route environments may influence this behaviour. Therefore, the aim of this study is to 
assess the potential associations between appraisals of the overall route environment as 
hindering or stimulating for bicycle commuting, with both perceptions of commuting route 
environmental factors in a suburban area and background factors. Methods: The Active 
Commuting Route Environment Scale (ACRES) was used for the assessment of bicycle 
commuters' perceptions and appraisals of their route environments in the suburban parts of 
Greater Stockholm, Sweden. A simultaneous multiple regression analysis was used to 
assess the relationship between the outcome variable whether the overall route 
environment hinders or stimulates bicycle commuting and environmental factors 
(e.g., exhaust fumes, speeds of motor vehicles, greenery), as well as background factors 
{sex, age, education, income) as predictor variables. Results and Conclusions: The results 
indicate that in suburban areas, the factors aesthetics, greenery and bicycle paths seem to 
be, independently of each other, stimulating factors for bicycle commuting. 
On the other hand, flows of motor vehicles, noise, and low "directness" of the route seem 
to be hindering factors. A comparison of these results with those obtained from an inner 
urban area points to the importance of studying different types of built-up areas separately. 
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1. Introduction 

Physical activity has several considerable health benefits [1]. However, in the industrialized world, 
the previous century's developments have resulted in a general lifestyle of physical inactivity. 
Therefore, increasing the level of physical activity is a public health concern [2]. Active commuting — 
walking and cycling to get to and from work — could constitute a way for people to be physically active 
(for reviews, see [3,4]). An additional benefit of such a behaviour is a better local traffic environment 
with potentially fewer traffic emissions and less noise, and thereby positive generalized health effects 
in the population. 

It is not easy to acquire knowledge concerning factors of importance for a behaviour that can be 
dependent on so many aspects. For example, one may cycle or not owing to reasons of economy, 
public transport availability, car and cycle parking conditions, distances to destinations, 
route environments, motivation for physical exercise, physical capacity, self-efficacy, and so forth. 
Owing to the multiplicity of possible causative ingredients, it is, in our perception, necessary to try to 
gain knowledge about each one of them per se, with the aim of integrating them in future systemically 
oriented analyses of predictors of cycling behaviour. 

Our focus here is on gaining knowledge about how different specific environmental variables in the 
route environments can affect overall appraisals of whether they inhibit or stimulate cycling. 
This is due to that route environments can be crucial for the decision to cycle or not to cycle. 
Given that a cycling behaviour exists, route environments may also affect the number of trips, 
their duration and distances, as well as the persistence of a particular cycling behaviour with the 
passage of time. We have termed these types of effects as the bikeability of route environments [5]. 

Another reason for this focus is well-being. It is part of what constitutes health [6]. It is therefore of 
interest to acquire knowledge about how route environments affect environmental well-being when 
cycling [7]. It has been hypothesized that whether or not a route environment hinders or stimulates 
cycling affects it [7], and recent empirical evidence lends support to such a linkage (Schantz et al, 
personal communication). 

Thus, two different outcomes — cycling behaviour and environmental well-being when 
cycling — ^prompt studies to determine which specific variables are important for appraisals 
of hindering or stimulating route environments for cycling. Such knowledge is of value per se, 
as well as for, e.g., politicians, planning professionals, and advocacy groups aiming at creating 
better conditions for cycling. 

Route environments are often complex settings, with a large number of variables involved. 
They are therefore difficult to study. However, with the aim of developing this field of knowledge, 
principally different types of important strategies, that make use of photographs or real world settings, 
have been developed. One of them deals with holistic ratings of photographs of route settings 
(e.g., [8]). Others make use of different forms of stated preferences for different ingredients in the 
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route environments (e.g., [9]). In the first type of study, it is difiicult to state and rate the importance of 
each of the many environmental variables involved, whereas in the other tj^e of study, particular 
aspects can be evaluated, but not in relation to a wholeness of route environmental factors that may be 
of importance. A third type of research strategy is based on route choice analyses in real world settings 
(e.g., [10]). In principle, this can be a fruitful path for analyses. However, in order to pinpoint specific 
variables of importance, a wide variability of route settings is needed. Furthermore, the route choice 
must be based on knowledge, among both cyclists and researchers, concerning possible route 
alternatives and their relevant environmental characteristics. These conditions are very difficult to 
fulfill. Furthermore, if objective descriptive data coupled to routes are used, the poor agreement 
between objective data and perceptions adds to the difficulty of interpreting such studies [11-13]. 

The mentioned research strategies have both strengths and weaknesses. Depending on the purpose of a 
study, they may be very useful. However, they do not permit, or at least greatly complicate, combining 
experiences of the wholeness of real world route settings with the possibihty of isolating the importance of 
single environmental variables for overall appraisals. Another principal concem refers to the nature of the 
outcomes often used. For example, different levels of stated preferences cannot differentiate between 
whether all altematives are attractive to various degrees or some of them are neutral or repulsive (cf. [9]). 
In our opinion, such distinctions can be very important for the interpretation of route settings in relation to 
both cycUng behaviour and environmental well-being when cycling. 

Given that it is a rather new research field adds to a status of, in our mind, a fragmented, 
meagre and uncertain or limited knowledge base. We have therefore recognized a benefit in 
developing a complementary research strategy, and for that purpose the Active Commuting Route 
Environment Scale (ACRES) was created [14]. The ACRES assesses bicyclists' perceptions and 
appraisals of their self-chosen commuting route environments based on a spatial match between the 
cycling behaviour and the environment in which the cycling takes place. The ACRES includes overall 
outcome variables {hinders or stimulates and traffic: unsafe or safe) and environmental predictor 
variables, such as exhaust fumes, hilliness and velocity of motor vehicles. The ACRES has 15-point 
response scales that allow finer distinctions, correlation assessments and multiple regression analyses. 

After methodological surveys established the scale as having considerable criterion-related validity 
and reasonable test-retest reproducibility [5,14], we studied how bicycle commuting routes in inner 
urban and suburban parts, respectively, of the metropolitan area of Greater Stockholm, Sweden, were 
rated. Distinctly different route environmental profiles were noted for these areas. We also found that 
the suburban areas, compared to the inner urban areas, were rated as being more stimulating and safe 
to cycle in from a traffic point of view [5]. 

We then initiated studies with the aim of isolating the environmental predictor variables that might 
possibly explain differences in ratings of whether route environments are appraised as inhibiting or 
stimulating for commuter cycling. Our first study involved the inner urban area of Greater Stockholm. 
In a multiple linear regression analysis, we noted that about 40% of the variance of the outcome 
variable hinders or stimulates was explained by five environmental predictors: two with a stimulating 
effect, namely, ugly or beautiful and greenery, and three with an inhibiting effect, namely, course of 
the route, exhaust fumes and congestion: all types of vehicles [15]. 

Given the finding of distinctly different route environmental profiles of inner urban areas and 
suburban areas, respectively [5], and other major differences in the nature of these areas as well as 
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population density [16], it is possible that the role of environmental variables may differ between them. 
Therefore, the aim of this study is to expand the analyses of the role of environmental predictor 
variables to the suburban metropolitan areas of Greater Stockholm. 

2. Methods 

2. 1. Procedure and Participants 

This study is part of a research project called the Physically Active Commuting in Greater 
Stockholm (PACS; http://www.gih.se/pacs). Active commuters; pedestrians and bicyclists, were 
recruited to the PACS-project, by advertising in two large morning newspapers in Stockholm (Dagens 
Nyheter and Svenska Dagbladet) towards the end of May and early June 2004. Inclusion criteria were: 
(a) being at least 20 years old; (b) living in Stockholm Coimty, excluding the municipality of Norrtalje; 
and (c) walking and/or cycling the whole way to one's place of work or study at least once a year. 
The place of work or study is referred to as place of work, unless stated otherwise. It was emphasized 
in the invitation to participate that people with short commuting distances were also welcome to 
participate. The purpose of including people with a less frequent active commuting behaviour and/or 
short route distance was to include diverse commuting behaviours. 

The advertisement led to 2148 active commuters volunteering to participate. A first questionnaire, 
called the Physically Active Commuting in Greater Stockholm Questionnaire (PACS Ql), was sent to 
the participants in September 2004. The response frequency was 94% (n = 2010). A second questionnaire, 
the PACS Q2, was sent to 1978 participants in May 2005. May is the peak bicycle-commuting period 
of the year. The response frequency was 92% (n = 1819). The questionnaires and prepaid return 
envelopes were sent home to each participant by post. A maximum of three reminders were sent out. 
No incentives were provided for participation. Some participants were excluded in the second part of 
the study because they did not wish to proceed as participants. The participants were bicyclists, 
pedestrians or dual-mode commuters, i.e., individuals who sometimes walk and sometimes cycle. 
They commuted in the inner urban or suburban-rural areas of Greater Stockholm, or in both of these 
areas (see Figure 1). The suburban-rural areas are referred to as suburban areas, unless stated 
otherwise. We have only used data on bicycle-commuting in the suburban areas in this study. 
We have previously shown that commuting in both areas does not generally affect ratings as compared 
to only cycling in one of these areas [5]. In this study, we have therefore combined the two groups: 
those who bicycle-commuted in both inner urban and suburban areas and those who bicycle-commuted 
in only a suburban area, and used the data from the ratings of suburban areas. Initially, 1107 participants 
(women, n = 701, 63%) were included in the analyses after cleansing and editing the data. For further 
descriptive background factors of the participants, see Table 1. The Ethics Committee of the 
Karolinska Institute approved the study. The participants gave their informed consent. 
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Table 1. Background factors of participants (n = 1090-1 107). 

Background Factor 

Females *, % 63 
Age in years *, mean ± SD 48.4 ±10.3 

Weight in kg, mean ± SD 69.8 ± 1 1 .0 

Height in cm, mean ± SD 172.4 ±8.9 

Body mass index, mean ± SD 23.4 ±2.7 

Gainful employment, % 96 
Educated at university level *, % 74 
Income *: 

<25 ,000 SEK ** a month, % 44 
25,001-30,000 SEK ** a month, % 23 
>30,001 SEK ** a month, % 33 
Participant and both parents bom in Sweden, % 83 
Having a driver's licence, % 93 
Usually access to a car, % 78 
Leaving home 7-9 a.m. to cycle to work, % 68 
Number of bicycle-commuting trips per year ***, mean ± SD 277 ± 178 
Overall physical health either good or very good, % 84 

Overall mental health either good or very good, % 83 

Notes: Values are based on self-reports; * Background factor used as a predictor 
variable in the multiple regression analyses; ** SEK = Swedish crowns/kronor, 
year 2005: €1 9 SEK; USSl = 8 SEK; *** The number of bicycle-commuting 
trips per year is based on 920 participants. The low response rate is due to missing 
values in one or more of the 12 months leading to exclusion in the sum score. 

Representativity of Participants 

Active commuters constitute a minor group within the general population. It was therefore not 
realistic, in practical terms, to recruit an adequate number of participants from a random population 
sample. The bicycle participants were, nevertheless, recruited with the aim of achieving a reasonable 
representation of the adult active commuters in the inner urban and suburban areas of Greater 
Stockholm during the recruitment period. We were, however, concerned about the representativity of 
the advertisement-recruited participants. Therefore, we compared ratings of route environments done by 
advertisement-recruited bicycle commuters with ratings done by street-recruited bicycle commuters [5]. 
The street-recruited bicycle commuters were considered to represent the population of active 
commuters with better certainty than that of the advertisement-recruited bicycle commuters. In 
general, the results indicated a good correspondence between the ratings of the advertisement- and the 
street-recruited bicycle commuters. For example, ratings of the ACRES items for suburban areas of 
Greater Stockholm by advertisement- and street-recruited participants were assembled along the line of 
identity (r = 0.96). 



Int. J. Environ. Res. Public Health 2014, 11 



8281 



2.2. The Physically Active Commuting in Greater Stockholm Questionnaire (PACS Q) 

The PACS Ql and PACS Q2 are self-report questionnaires in Swedish. They include questions 
about background factors of the participants and different aspects of active commuting. They comprise 
35 and 68 items, respectively. The ACRES is included in the PACS Q2. 

2.2.1. Measures of Background Factors of Participants 

Data on sex, age, weight, height, employment and number of bicycle-commuting trips per month 
were obtained from the PACS Ql. The body mass index (BMI) was calculated by dividing body 
weight by height squared (kg-m~^). Active commuting trips per year were calculated by adding each of 
the 12 months' average trip frequency per week, dividing by 12 and multiplying by 52. Educational 
levels, income, ethnicity, having a driver's license, having access to a car, time leaving home to cycle 
to work and overall physical and mental health were obtained from the PACS Q2 (see Table 1). 

2.2.2. The Active Commuting Route Environment Scale (ACRES) 

The ACRES consists of 18 items for the assessment of bicyclists' perceptions and appraisals of 
their self-chosen commuting route environment, which are potentially associated with active 
commuting [14]. In this study 16 items were used (see Table 2). The two items that were excluded in 
this study are termed on the whole and short or long. The reason for not using the item on the whole, 
which considers perceptions of the route environment on the whole, is that it is too general for the aim 
of this study. The reason for not using the item short or long, which considers perceptions of the entire 
trip distance, is that a considerable part of our participants also cycle in the inner urban areas. 

Each ACRES item considers the inner urban area of Greater Stockholm, Sweden, and the suburban 
areas surrounding it within Stockholm County, separately. The questionnaire instructions include a 
drawn map that separates the two areas (see [14]). The participants were asked to differentiate between 
their experiences of their active commuting route environment in the inner urban area and in the 
surrounding suburban areas. All items have two identical parallel response lines. One line refers to the 
inner urban area and the other to the suburban areas (see [15]). The separation between the inner urban 
and suburban areas was primarily based on their constituting different environments. In this study, we 
only use data regarding the suburban environments. 

Fifteen-point response scales ranging from 1 to 15 are used. The scales have adjectival opposites 
labelled, for example, very low and very high. One item constitutes an exception: the item bicycle 
paths/lanes/roads has an 1 1-point response scale ranging from 0% (0) to 100% (10) (see Table 2). The 
15-point response scales have numbered continuous lines, i.e., whole numbers from 1 to 15. 
In addition, number 8, as a neutral option in the middle, is labelled, for example, neither low nor high 
(see [15]). 

The participants are instructed in the questionnaire to recall and rate their overall experience of their 
self-chosen route environments based on their active commuting to their place of work during the 
previous two weeks. The participants were not informed about the objective of the ACRES. 
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Table 2. The Active Commuting Route Environment Scale (ACRES) assessing bicyclists' perceptions and appraisals. 



Question 



15-Point Response Scale 
1 15 



Variable Name 



Do you think that, on the whole, the environment you cycle in stimulates/hinders your commuting? Hinders Stimulates 

a lot a lot 

How do you find the exhaust fiime levels along your route? Very low Very high 

How do you find the noise levels along your route? Very low Very high 

How do you find the flow of motor vehicles (number of cars) along your route? Very low Very high 

How do you find the speeds of motor vehicles (taxis, lorries, ordinary cars, buses) along your route? Very low Very high 

How do you find other cyclists' speeds along your route? Very low Very high 

How do you, as a cyclist, find the congestion levels in mixed traffic, caused by all types of vehicles, along your route? Very low Very high 

How do you find the congestion levels caused by the number of cyclists on the cycle paths/cycle lanes along your route? Very low Very high 

How do you find the occurrence of confiicts between you, as a cyclist, and other road users (including pedestrians) along Very low Very high 
your route? 

About how large a part of your route consists of cycle paths/cycle lanes/cycle roads separated from motor-car traffic? 0% 100% ** 

How unsafe/safe do you feel in traffic as a cyclist along your route? Very Very safe 

unsafe 

How do you find the availability of greenery (natural areas, parks, planted items, trees) along your route? Very low Very high 

How ugly/beautiful do you find the surroundings along your route? Very ugly Very 

beautiful 

To what extent do you feel that your cycle trip is made more difficult by the course of the route? Very little Very much 
For example, a course with many sharp turns, detours, changes in direction, side changeovers, etc. 

To what extent do you feel that your cycle trip is made more difficult by hilliness? Very little Very much 
Base this on the route to and from your place of work/study. 

To what extent do you feel that your progress in traffic is worsened by the number of red lights during your trip to your Very little Very much 
place of work/study? 

Notes: This is a translation of the original ACRES in Swedish; * Outcome variable;** 1 1-point scale. 



Hinders or stimulates * 

Exhaust fumes 
Noise 

Flow of motor vehicles 
Speeds of motor vehicles 
Speeds of bicyclists 
Congestion: all types of 
vehicles 

Congestion: bicyclists 
Confiicts 

Bicycle paths/lanes/roads 
Traffic: unsafe or safe 

Greenery 

Ugly or beautifiil 

Course of the route 

Hilliness 

Red lights 
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A more detailed description of the development of the ACRES and its items, as well as of its 
validity and reliability, has been reported elsewhere [5,14]. In brief, the ACRES was characterized by 
considerable criterion-related validity and reasonable test-retest reproducibility. The validity 
assessments were based on measured or expected differences between the inner urban and suburban 
areas of Greater Stockholm. The results showed, for example, a high correlation (r = 0.94) between 
commuters' mean values for differences in ratings of inner urban and suburban environments and 
experts' corresponding values. The test-retest assessments regarding reliability showed, for example, 
that intra-class correlation coefficients (ICCs) ranged from moderate (0.46) to almost perfect (0.82) for 
measurements of the suburban environment [14]. 

2.3. Study Area 

The suburban commuting route environments studied surround the inner urban areas of Greater 
Stockholm, Sweden, and are located in its suburban and rural areas. The inner urban area includes the 
city sections of "Gamla stan" (the Old Town), Sodermahn, Kungsholmen, Vasastan, Norrmahn and 
parts of Ostermahn (Figure 1). The suburban and rural areas contain a mixture of residential areas, 
smaller industrial areas and managed forests, as well as agricultural land. The residential areas either 
comprise predominantly single houses or constitute more dense areas with multi-storey houses. 
The single houses were mainly built during the 1930s and onwards, in different architectural styles, 
whereas the majority of the densely built-up areas were fashioned in a modernistic style after the 
Second World War and during the 1970s. The residential density of the landscape normally varies with 
proximity to underground or commuter train stations, which have small centres near the stations. 
As an indication of residential density of the suburban parts of our study area, we have chosen the 
southern and westerns suburbs of the Municipality of Stockholm, and in 2005 this amounted to 
approximately 3500 and 2900 residents per square km, respectively [16]. 

Houses are generally placed as separate entities in the landscape, not in blocks, and the streets are 
not normally laid out in a grid-like streetscape. Instead, the main roads often follow old road networks 
formed during the agricultural period of the landscape. 

There are trees or other forms of greenery in gardens and between the multi-storey houses, 
but normally not in alleys bordering the streets. The settlements, as well as the roads and traffic zones, 
lie in former agricultural landscapes in the sediment-filled valleys in this rift valley landscape. 
Between the valleys, the bedrocks often rise in faults, which are mostly covered with coniferous forest. 
The bedrocks often protrude from the thin soil cover (moraine). Forest-dominated areas stretch from 
the rural areas towards and into the centre of the region, between settlements and traffic zones, like ten 
green wedges. Lakes, islands and the Baltic Sea are other components. 

The valleys in this area are basically flat, but the road system also includes gentle slopes of 
infrequent moraine hills from the deglaciation, with normally not more than 10-15 metres of elevation. 
Some arterial highways pass through the landscape and do so with varying contact with cyclists 
and pedestrians. 



Int. J. Environ. Res. Public Health 2014, 11 



8284 



Figure 1. Aerial view from 2005 over the more central parts of Greater Stockholm, Sweden. The yellow line distinguishes the inner urban and 
the suburban, as well as rural parts, of the area. For a description of the characteristics of the suburban area, see Methods. (Copyright is 
granted from Lantmateriverket, Gavle, Sweden in 201 1). 
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2.4. Statistical Analyses 

Questionnaire data were entered in the Statistical Package for the Social Sciences and analysed in 
version 21.0 (IBM SPSS Inc., Somers, NY, USA). All data entered from the PACS Q2 were checked 
for accuracy. A small number of individuals were excluded because they stated that they had not been 
cycling the last two weeks, which had been requested. In addition, some participants were excluded, 
mainly because of incorrect or incomplete ACRES data. Participants with three or less missing 
ACRES values for cyclists were used for the foUovwng measures: (1) percentages and mean scores ± 1 
standard deviation (SD) used to report the background factors of the participants; (2) the values of the 
ACRES items presented as mean scores ± 1 SD; and (3) interrelations between the variables assessed 
using Pearson's correlation coefficient (r). A detailed flowchart reporting numbers and reasons for 
excluding PACS participants and data has been published elsewhere [17]. 

Simultaneous multiple regression analysis was chosen to explore associations between the outcome 
variable, hinders or stimulates, and the "background" and "environmental" predictor variables 
(see Table 2). The background predictors used were: sex (dichotomous categorical variable: females = 0 
and males = 1), age (continuous variable), education (categorical variable coded as dichotomous: 
educated at university level = 0 and not educated at university level =1) and income (categorical 
variable coded as three categories: <25,000 SEK/month = 1, 25,001-30,000 SEK/month = 2 and 
>30,001 SEK/month = 3; SEK = Swedish crowns/kronor, year 2005: ~ 9 SEK; US$1 ~ 8 SEK) 
(see Table 1). Two models were run. In Model 1, traffic: unsafe or safe was excluded, and in Model 2 
it was included as a predictor. The reason for including traffic: unsafe or safe, a variable that we 
normally regard as an outcome variable was its possible association with the outcome variable, 
hinders or stimulates. Only participants who had no missing values for any of the variables were used 
in the simultaneous multiple regression analyses. 

The linearity of the environmental variables was assessed visually by means of scatterplots, 
boxplots and error bars before running the simultaneous multiple regression analyses. All environmental 
variables showed reasonable linearity and were therefore used in the analyses. Before the analyses, 
interrelations between the environmental variables were assessed with Pearson's correlation 
coefficient. The correlations between environmental predictors were, in absolute values, 
r < 0.76 (correlations between the background variable age and the environmental predictors were, 
in absolute values, r < 0.16), indicating no problems with multicollinearity. In addition, the variance 
inflation factor (VIF) was used to checked multicollinearity. Both models' VIFs (Model 1: 
all values < 2.99, mean: 1.76, and Model 2: all values: < 2.99, mean: 1.77) indicated no problem. 

Possible extreme data cases were identified using Cook's distance. No extreme data cases were 
found in either of the models (Model 1: all values < 0.066, mean: 0.001, and Model 2: all values < 0.061, 
mean: 0.001). According to the sample size used, the top limit for inclusion of standardized residuals 
in the models was set to ± 4 SD [18]. A total of 6 individuals in both models had a standardized 
residual of more than -4 (Model 1, all values < -4.26, and Model 2, all values < -4.33). They were, 
however, included in the simultaneous multiple regression analyses since they were few in number, 
had standardized residuals close to the limit for inclusion and because the Cook's distance did not 
indicate any problems. 
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The values from the simultaneous multiple regression analyses are presented as unstandardized 
coefiBcients B and their 95% confidence interval (CI), standardized coefficients Beta and partial correlation 
coefficients, as well as the R square (R^) for the overall models. The standardized coefficients Beta are used 
in the regression equations since the included variables represent different scales (see above and Table 2). 

After the initial simultaneous multiple regression analyses including all predictors, analyses were run to 
test the models' sensitivity. The first included only the significant predictors from the initial analyses 
(see Results, Tables 5 and 7). The remaining analyses excluded different significant predictors from the 
initial analyses based on correlations above 0.7 with other predictors (see Results, Table 4). In the last 
analysis for Model 1, the two excluded predictors fialfil the same criteria, but represented the coefiBcient 
with the lowest standardized Beta value of each pair of correlated variables. 

To indicate significance, a statistical level corresponding to at least p < 0.05 was used. 

3. Results 

Mean scores on all environmental variables are shown in Table 3 and their interrelations are shown 
in Table 4. The range for correlations (r) between the outcome variable hinders or stimulates and the 
environmental predictors was between 0.01 and 0.59. The following items had a positive correlation 
ip < 0.05) with the outcome variable; ugly or beautiful (r = 0.59), greenery (r = 0.55), traffic: unsafe or 
safe (r = 0.32), and bicycle paths/lanes/roads (r = 0.08). The following items had a negative correlation 
ip < 0.05) with the outcome variable; noise (r = -0.39), flow of motor vehicles (r = -0.39), 
exhaust fumes (r = -0.37), congestion: all types of vehicles (r = -0.33), course of the route (r = -0.28), 
red lights (r = -0.28), speeds of motor vehicles (r = -0.26), conflicts (r = -0.22), congestion: bicyclists 
(r = -0.19) and hilliness (r = -0.10). Speeds of bicyclists had no significant correlation with the 
outcome variable (r = 0.01). 



Table 3. Participants' ratings of environmental variables (n = 1098-1 107). 



Variable 


Mean ± SD 


15-point Response Scale 
1 15 


Hinders or stimulates 


11.31 ±2.84 


Hinders a lot 


Stimulates a lot 


Exhaust fumes 


6.72 ±3.55 


Very low 


Very high 


Noise 


6.95 ±3.56 


Very low 


Very high 


Flow of motor vehicles 


7.52 ±3.95 


Very low 


Very high 


Speeds of motor vehicles 


8.40 ±3.25 


Very low 


Very high 


Speeds of bicyclists 


8.74 ±2.60 


Very low 


Very high 


Congestion: all types of vehicles 


5.80 ±3.41 


Very low 


Very high 


Congestion: bicyclists 


4.72 ±3.40 


Very low 


Very high 


Conflicts 


4.98 ±3.53 


Very low 


Very high 


Bicycle paths/lanes/roads 


7.04 ± 2.64 


0% 


100% * 


Traffic: unsafe or safe 


11.49 ±2.96 


Very unsafe 


Very safe 


Greenery 


11.38 ±3.09 


Very low 


Very high 


Ugly or beautiful 


10.78 ±2.91 


Very ugly 


Very beautiful 


Course of the route 


5.20 ±3.49 


Very little 


Very much 


Hilliness 


6.13 ±3.97 


Very little 


Very much 


Red lights 


3.96 ± 3.47 


Very little 


Very much 



Notes: * Minimal value = 0 and maximal value =10. Percentage values have been 
transformed into an 11 -point scale; For the questions associated with the variables, 
see Table 2. 



Int. J. Environ. Res. Public Health 2014, 11 



8287 



Table 4. Correlations between ratings of environmental variables (n = 1091-1 107). 



Variable 


1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


11 


12 


13 14 15 16 


1 . Hinders or stimulates 


- 


























2. Exhaust fiimes 


-0.37 * 


- 
























3. Noise 


-0.39 * 


0.76* 


- 






















4. Flow of motor vehicles 


-0.39 * 


0.67* 


0.72* 


- 




















5. Speeds of motor vehicles 


-0.26 * 


0.44* 


0.48* 


0.59* 


- 


















6. Speeds of bicyclists 


-0.01 


0.24* 


0.23 * 


0.25 * 


0.26* 


- 
















7. Congestion: all types of vehicles 


-0.33 * 


0.46* 


0.48* 


0.53 * 


0.44* 


0.27* 


- 














8. Congestion: bicyclists 


-0.19* 


0.38* 


0.38* 


0.38* 


0.28* 


0.37* 


0.56* 


- 












9. Conflicts 


-0.22 * 


0.26* 


0.30* 


0.33* 


0.29* 


0.13 * 


0.50* 


0.53 * 












10. Bicycle paths/lanes/roads 


0.08* 


0.09* 


0.14* 


0.07* 


-0.01 


0.15 * 


-0.02 


0.11 * 


-0.01 










1 1 . Traffic: unsafe or safe 


0.32* 


-0.27 * 


-0.27 * 


-0.31 * 


-0.33 * 


-0.08 * 


-0.40 * 


-0.25 * 


-0.40 * 


0.32* 








12. Greenery 


0.55 * 


-0.39 * 


-0.37 * 


-0.36 * 


-0.23 * 


-0.03 


-0.32 * 


-0.26 * 


-0.21 * 


0.08* 


0.27* 






13. Ugly or beautifiil 


0.59* 


-0.38 * 


-0.37 * 


-0.35 * 


-0.21 * 


-0.02 


-0.28 * 


-0.19 * 


-0.15 * 


-0.01 


0.19* 


0.73 * 




14. Course of the route 


-0.28 * 


0.21 * 


0.20* 


0.19* 


0.21 * 


0.04 


0.32* 


0.24* 


0.34* 


-0.07 * 


-0.32 * 


-0.20 * 


-0.17* 


15. Hilliness 


-0.10* 


0.10* 


0.12* 


0.13 * 


0.08* 


0.15 * 


0.15 * 


0.16* 


0.12* 


-0.04 


-0.14* 


-0.05 


-0.05 0.28 * 


16. Red lights 


-0.28 * 


0.35 * 


0.34* 


0.38 * 


0.30* 


0.08 * 


0.38* 


0.31 * 


0.34* 


0.01 


-0.25 * 


-0.31 * 


-0.28* 0.37* 0.16* - 














Note: 


*p< 0.05. 
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The results of the analysis for Model 1 (in which the item traffic: unsafe or safe was excluded as a 
predictor) are shown in Table 5. About 45% of the variance of the outcome variable, hinders or 
stimulates, was explained by the predictors in the model (R^ = 0.440). 



Table 5. Model 1, in which the item traffic: unsafe or safe was excluded: Simultaneous 
multiple regression analysis of route environment and background variables (n = 1056). 



Outcome Variable 


y-Intercept 


95% CI 


/>-Value 




Hinders or stimulates 


6.08 


4.95- 


-7.21 


0.000 








Regression Coefficient 






Predictor Variable: 
Environmental Variable 


Unstandardized B 


95% CI 


Standardized 
Beta 


/>-Value 


Partial Correlation 
Coefficient 


Exhaust fumes 


-0.02 


-0.08-0.04 


-0.02 


0.582 


-0.02 


Noise 


-0.06 


-0.13-0.00 


-0.08 


0.045 


-0.06 


Flow of motor vehicles 


-0.07 


-0.12—0.01 


-0.10 


0.014 


-0.08 


Speeds of motor vehicles 


0.00 


-0.05-0.05 


0.00 


0.965 


0.00 


Speeds of bicyclists 


0.05 


0.01-0.11 


0.05 


0.083 


0.05 


Congestion: all types 


-0.05 


-0.10-0.00 


-0.06 


0.067 


-0.06 


of vehicles 












Congestion: bicyclists 


0.03 


-0.02-0.08 


0.04 


0.259 


0.04 


Conflicts 


-0.02 


-0.06-0.03 


-0.02 


0.480 


-0.02 


Bicycle palhs/lanes/roads 


0.07 


0.02-0.13 


0.07 


0.005 


0.09 


Traffic: unsafe or safe - _ _ _ _ 


Greenery 


0.15 


0.09-0.22 


0.16 


0.000 


0.14 


Ugly or beautiful 


0.36 


0.29-0.42 


0.36 


0.000 


0.30 


Course of the route 


-0.09 


-0.13—0.05 


-0.11 


0.000 


-0.12 


Hilliness 


-0.01 


-0.04-0.02 


-0.01 


0.579 


-0.02 


Red lights 


0.01 


-0.03-0.06 


0.01 


0.650 


0.01 


Background Variable 


Sex 


-0.17 


-0.47-0.13 


-0.03 


0.256 


-0.04 


Age 


0.01 


0.00-0.03 


0.05 


0.064 


0.06 


Education 


-0.22 


-0.53-0.09 


-0.03 


0.159 


-0.04 


Income 


0.00 


-0.17-0.16 


0.00 


0.990 


0.00 



Note: = 0.440. 



The results of the sensitivity analyses for Model 1 are shown in Table 6. The regression equation, for the 
first analysis was: y = 6.72 + 0.37 ugly or beautiful + 0.17 greenery + (-0.13) course of the route + (-0.1 1) 
flow of motor vehicles + (-0.10) noise + 0.09 bicycle paths/lanes/roads (aU /7-values < 0.005, = 0.432). 
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Table 6. Sensitivity analyses of Model 1 (n= 1087-1091). 



Outcome 
Variable 






Predictor Variable 








Hinders or 
Stimulates 


Noise 


Flow of 
Motor 
Vehicles 


Bicycle 
Paths/Lanes/Roads 


Greenery 


Ugly or 
Beautiful 


Course of 
the Route 


R^ 


y-Intercept 
(p-Value) 




Regression Coefficient: Standardized Beta (p- Value) 






6.72 


-0.10 


-0.11 


0.09 


0.17 


0.37 


-0.13 


0.432 


(0.000) 


(0.005) 


(0.001) 


(0.000) 


(0.000) 


(0.000) 


(0.000) 


6.47 




-0.17 


0.08 


0.17 


0.38 


-0.14 


0.428 


(U.UUU) 


- 


(0.000) 


(0.001) 


(0.000) 


(0.000) 


(U.UUU) 


6.39 


-0.17 




0.09 


0.18 


0.38 


-0.13 


0.429 


(0.000) 


(0.000) 




(0.000) 


(0.000) 


(0.000) 


(0.000) 


7.28 


-0.11 


-0.12 


0.10 




0.49 


-0.14 


0.423 


(0.000) 


(0.002) 


(0.000) 


(0.000) 




(0.000) 


(0.000) 


8.36 


-0.12 


-0.12 


0.06 


0.42 




-0.14 


0.371 


(0.000) 


(0.001) 


(0.000) 


(0.011) 


(0.000) 




(0.000) 


7.03 




-0.19 


0.09 




0.50 


-0.15 


0.418 


(0.000) 




(0.000) 


(0.000) 




(0.000) 


(0.000) 



The results of the analysis for Model 2 (in which the item traffic: unsafe or safe was included as a 
predictor) are shown in Table 7. 



Table 7. Model 2, in which the item traffic: unsafe or safe was included: Simultaneous 
multiple regression analysis of route environment and background variables (n = 1056). 



Outcome Variable 


y-Intercept 


95% CI 


/>-Value 




Hinders or stimulates 


4.74 


3.43- 


-6.04 


0.000 




Predictor Variable: 
Environmental Variable 




Regression Coefficient 




Partial Correlation 


Unstandardized B 


95% CI 


Standardized 
Beta 


/>-Value 


Coefficient 


Exhaust fumes 


-0.01 


-0.07-0.04 


-0.02 


0.628 


-0.02 


Noise 


-0.06 


-0.12-0.00 


-0.08 


0.054 


-0.06 


Flow of motor vehicles 


-0.06 


-0.12—0.01 


-0.09 


0.020 


-0.07 


Speeds of motor vehicles 


0.01 


-0.04-0.06 


0.01 


0.667 


0.01 


Speeds of bicyclists 


0.05 


-0.01-0.11 


0.05 


0.087 


0.05 


Congestion: all types 

of vehicles 


-0.04 


-0.09-0.02 


-0.05 


0.162 


-0.04 


Congestion: bicyclists 


0.03 


-0.03-0.08 


0.03 


0.320 


0.03 


Conflicts 


0.00 


-0.04-0.05 


0.01 


0.856 


0.01 


Bicycle paths/lanes/roads 


0.04 


-0.02-0.09 


0.03 


0.196 


0.04 


Traffic: unsafe or safe 


0.11 


0.06-0.17 


0.12 


0.000 


0.12 


Greenery 


0.14 


0.08-0.21 


0.15 


0.000 


0.13 


Ugly or beautifiil 


0.35 


0.29-0.42 


0.36 


0.000 


0.30 


Course of the route 


-0.08 


-0.12—0.03 


-0.10 


0.000 


-0.11 


Hilliness 


-0.01 


-0.04-0.03 


-0.01 


0.654 


-0.01 


Red lights 


U.Ul 


U.U3-U.U6 


U.Ul 


0.637 


U.Ul 


Background Variable 


Sex 


-0.20 


-0.50-0.10 


-0.03 


0.187 


-0.04 


Age 


0.01 


0.00-0.03 


0.05 


0.032 


0.07 


Education 


-0.21 


-0.52-0.10 


-0.03 


0.181 


-0.04 


Income 


-0.02 


-0.18-0.15 


-0.01 


0.836 


-0.01 



Note: = 0.449. 
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About 45% of the variance of the outcome variable, hinders or stimulates, was explained by the 
predictors in the model (R^ = 0.449). The results of the sensitivity analyses for Model 2 are shown in 
Table 8. The regression equation, for the first analysis was: y = 4.57 + 0.38 ugly or beautiful + 0.16 
greenery + 0.13 traffic: unsafe or safe + (-0.13) flow of motor vehicles + (-0.1 1) course of the route + 
0.06 age (all ;7-values < 0.008, = 0.438). 



Table 8. Sensitivity analyses of Model 2 (n = 1091-1093). 



Outcome 

Variable 



Predictor Variable 



Hinders or 


Flow of Motor 


Traffic: 


Greenery 


Ugly or 


Course of the 


Age 


R^ 


Stimulates 


Vehicles 


Unsafe or Safe 


Beautiful 


Route 


y-Intercept 
(/;-Value) 




Renression Coefficient: Standardized Beta (/;-Value) 






4.57 


-0.13 


0.13 


0.16 


0.38 


-0.11 


0.06 


0.438 
0.430 
0.372 


(0.000) 
4.89 


(0.000) 
-0.14 


(0.000) 
0.15 


(0.000) 


(0.000) 
0.48 


(0.000) 
-0.11 


(0.008) 
0.07 


(0.000) 
6.24 


(0.000) 
-0.16 


(0.000) 
0.12 


0.42 


(0.000) 


(0.000) 
-0.12 


(0.003) 
0.06 


(0.000) 


(0.000) 


(0.000) 


(0.000) 




(0.000) 


(0.021) 



4. Discussion 



This is, to our knowledge, one of the first exploratory studies on bicyclists' perceptions of their 
self-chosen suburban commuting route environment, based on a complete spatial matching of the 
environment and the relevant physical activity variable, namely, bicycle commuting. The main results 
indicate that in suburban areas, the factors aesthetics, greenery and bicycle paths seem to be, 
independently of one another, stimulating factors for bicycle-commuting. On the other hand, flows of 
motor vehicles, noise, and low "directness" of the route seem to be hindering factors. 
When unsafety-safety of traffic was included as a predictor, the factor bicycle paths lost its role as a 
significant predictor, a result that points to the importance of bicycle paths for this appraisal. 

4.1. The Overall Models 

As mentioned before, we have previously studied the inner urban area using a similar study design 
as in this study [15]. This discussion will therefore partly have a comparative approach. In both models 
studied in the suburban areas, about 45% of the variance of the outcome variable, hinders or 
stimulates, was explained by the predictors. These overall results are very similar to those of the inner 
urban areas, where about 40% of the variance was explained. Some of the unexplained variance could 
be due to missing factors of importance or to the level of reproducibility of the scale [14]. 

The sensitivity analyses of the models showed that removing a single variable in the pairs of 
predictor variables that correlated higher than r = 0.70 had rather small effects on the R^-values of the 
model. Furthermore, each removal led to that the standardized Beta value of the remaining variable 
increased. This point to the value of future studies with the aim of understanding the more precise 
contribution of the single variables ugly or beautiful and greenery, as well as noise and flow of motor 
vehicles, respectively. 
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Only one of the background variable predictors, namely age, contributed to the variance of the 
outcome variable in Model 2. Although the results indicate only small effects of the background 
variables on the outcome variable, it seems important to include and explore them also in future 
analyses. A discussion of the role of the environmental predictors will follow here. We will start with 
the predictors that had a stimulating effect followed by those with an inhibiting effect. 

4.2. Aesthetics and Greenery 

The predictor that contributed the most to the variance of the outcome variable in both of our 
models was ugly or beautiful. This was also seen in the inner urban area [15]. Aesthetics has been 
indicated as a factor of more substantial importance for recreational cycling than transport cycling [19]. 
Furthermore, appraisal of the "aesthetic nature of the environmenf ' have been found to be associated with 
walking for exercise or recreation, but not for walking for transport (for a review, see [20]). 
In contrast, our results demonstrate that aesthetics is stimulating for transport cycling for 
commuting purposes. 

This finding is, however, somewhat difficult to interpret in more concrete terms since aesthetics 
probably is a composite variable including aspects such as architecture, water, greenery and open 
spaces (see below). The present as well as the previous study [15] lends support to the view that 
greenery plays a role in aesthetics. This is because it correlated strongly in the present study with ugly 
or beautiful (r = 0.73; see Table 4). Still, greenery was assessed separately in the suburban area, 
and just as in the inner urban area [15], it contributed in and of itself positively to the variance of the 
outcome variable in both our models. Previous research on the relationship between natural 
environments and bicycling is sparse and inconclusive, indicating the complexity and difficulties in 
studying these issues (for an expanded discussion, see [15]). For example, a negative relation between 
whether people bicycle-commuted or not and the percentage of green space within a 1-km radius 
around their home was found. A stated possible explanation for this finding was that destinations, such as 
shops, tended to be further away, making distances less bikeable in greener living environments [21]. 

Figure 2 illustrates the relationship between greenery and aesthetics in the inner urban and suburban 
areas. If greenery was the sole ingredient of aesthetics, the regression lines would run along the line of 
identity, i.e., the line formed by identical values on both the x and the y axes. Instead, both regression 
lines clearly deviate from this, as well as between each other. This signals that ingredients other than 
greenery also form the content of aesthetics, as well as there being a dissimilarity between constituents 
of aesthetics in these two areas. 

In a previous analysis [5], we have shown that the ratios between the average ratings of greenery 
and ugly or beautiful differed substantially between the inner urban and suburban environments for 
different groups of both males and females. While the ratings for aesthetics were about the same, the 
ratings for greenery were about 60% higher in the suburban compared with the inner urban areas [5]. 
In Figure 2, this is illustrated with mean values from the present as well as the previous study of the 
inner urban areas [15]. Given these two forms of distinct differences between the ratings oi greenery 
and ugly or beautiful for the areas, it is noteworthy that these variables still have the same role for the 
outcome variable hinders or stimulates. This indicates that these relations represent a rather 
robust phenomenon. 
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Figure 2. The relationship between ratings of ugly or beautiful and greenery in the inner 
urban and suburban areas. Y-axis: Ugly or beautiful: "How ugly/beautiful do you find the 
surroundings along your route?" (1 = very ugly and 15 = very beautifiil), and x-axis: 
Greenery: "How do you find the availability of greenery (natural areas, parks, planted 
items, trees) along your route?" (1 = very low and 15 = very high) The upper blue lines 
represent the inner urban areas [15]. The lower green lines represent the suburban areas. 
The solid lines represent the regression lines and the dashed lines represents the 95% 
confidence intervals (CI) (Inner urban: y = 7.02 (6.64 - 7.41) + 0.44 (0.39 - 0.48) x, 
(95% CI), and suburban: y = 3.03 (2.58 - 3.47) + 0.68 (0.65 - 0.72) x). 
Pearson's correlation was for: inner urban: 0.54 (n = 822); and suburban: 0.73 (n = 1104). 
The blue filled dot represents the mean values for greenery and ugly or beautiful in the 
iimer urban environment (7.1 and 10.1, respectively) {of [15]). The green non-filled dot 
represents the corresponding values for the suburban environment (11.4 and 10.8, 
respectively) in the present study (see Table 3). 



O 

ID 




^ — Innerurban 

Suburban 



10 11 12 13 14 15 



Greenery 



A more in-depth understanding of this phenomenon calls for further studies. However, before ending 
the discussion of this matter here, we want to summarize our understanding of it by suggesting a 
hypothesis that the predictor greenery may act in two ways on the outcome variable hinders or 
stimulates; (1) independently and (2) via the predictor variable ugly or beautiful. Figure 3 illustrates 
this hypothesis, as well as the importance of other environmental ingredients for appraisals of 
aesthetics. The well-established positive psychological impacts of greenery, e.g., in reducing stress 
{of [22]) could be a component within the independent effect of greenery on the outcome variable 
hinders or stimulates. 
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Figure 3. Model of relations between greenery, aesthetics and stimulation of cycling in 
route environments. The model illustrates that perceptions of greenery (ACRES predictor 
variable: greenery) may affect the overall appraisal of route environments 
(ACRES outcome variable: hinders or stimulates) in two ways: independently and via the 
appraisal of aesthetics (ACRES predictor: ugly or beautiful). In addition, the model 
illustrates that other environmental sources than greenery, such as architecture, water and 
open spaces, affect the appraisal of aesthetics. The model is modified from reference [23]. 



Perception of greenery in 
the route environment 



Perceptions of route environmental 
variables other than greenery 



Appraisal of aesthetics in the route environment 



Appraisal of the overall route environment in 
relation to inhibition-stimulation of cycling 



4. 3. Bicycle Paths/Lanes/Roads 

It seems that bicyclists in general prefer a dedicated bicycle infrastructure (for an overview, 
see [24]). For example, results from a stated preference study showed a preference for routes separated 
from motor traffic [9] and a recent route choice analysis indicated a preference for off-street bike 
paths [10]. The most likely reason for this preference is safety issues. The predictor bicycle 
paths/lanes/roads was also one of the predictors that contributed positively to the variance of the 
outcome variable in Model 1. This is reasonable. However, why this item did not contribute 
significantly in the inner urban area could be seen as intriguing [15]. At present we can only speculate 
about possible explanations. One such deals with how the item is formulated. Note that we ask about 
"cycle paths/lanes/roads". In the inner urban area, the proportion of bicycle lanes is rather high, 
whereas in the suburban areas, it is very low. At the same time, bicycle paths are clearly much more 
preferred by bicycle commuters in Stockholm, compared to bicycle lanes [25]. Most likely, this is due 
to the fact that these different forms of bicycle infrastructure have different effects on the perception of 
traffic safety. Against this background it is more reasonable to assume that the item bicycle 
paths/lanes/roads stands out more as a stimulating factor in the suburban areas than in the inner urban 
areas. Along this path of thinking it is also reasonable that when traffic: unsafe or safe was included in 
our analysis as a predictor (Model 2) it took over the role of bicycle paths/lanes/roads as a significant 
predictor. Bicycle paths/lanes/roads can therefore be regarded as part of both the outcomes traffic- 
unsafe or safe and hinders or stimulates. In the inner urban setting the same phenomenon was noted 



Int. J. Environ. Res. Public Health 2014, 11 



8294 



for the item congestion: all types of vehicles [15]. Again, these interactions follow a path of reasonable 
roles for these items. 

4.4. "Directness" of the Route 

Connectivity and the continuity of movement of the bicycle trip are aspects that are associated with 
bicycle infrastructure. Greater sfreet connectivity has been reported to be associated with physical 
activity (for a review of reviews, see [26]). Related to connectivity is our item course of the route, 
which indicates the level of "directness" of the route. Course of the route originated from the theories 
of space syntax (see [14]). In regards to walking, these theories stress the street network as a strong 
movement generator. In addition, course of the route could, in a broader sense, be related to street 
coimectivity, which is one of the factors that constitute walkability {cf. [27]). Interestingly, 
connectivity, as a part of walkability, has been shown to be associated with fransport bicycling [28]. 
Course of the route was one of the predictors that contributed negatively to the variance of the 
outcome variable in both our models. The meaning of this result is that low directness of cycle routes 
does not stimulate commuting cycling. The same was noted in the inner urban areas [15]. 
Thus, it seems that this effect of course of the route is independent of whether the setting is an inner 
urban or a suburban area. 

4.5. Effects of Motor Vehicles 

Safety aspects seem to stimulate bicycling behaviours (for an overview, see [24]) and the majority 
of bicyclists' unsafety concerns are most likely to be related to motorized vehicles. For example, 
perceptions of "streets with a lot of car, bus and truck traffic, vehicles driving faster than 50 km/h, 
risk of injury from car-bike collisions, and risk from motorists who do not know how to drive safely 
near bicycles" were ranked among the top deterrents to cycling. On the other hand, "routes away from 
fraffic noise and air pollution" was ranked as the sfrongest motivator [29]. This indicates that there are 
also other reasons than fraffic safety for avoiding motorized fraffic, reasons that have a bearing on the 
outcome hinders or stimulates cycling. In line with this, flow of motor vehicles and noise were two of 
the predictors that confributed negatively to the variance of the outcome variable hinders or stimulates 
(flow of motor vehicles in both models and noise in Model 1). This was not seen in the inner urban 
area [15]. Interestingly, exhaust fumes was one of the predictors that contributed negatively to the 
variance of hinders or stimulates in the inner urban area [15]. This was not seen in the suburban area. 
The shift in variables that indicate a negative influence on the outcome variable emphasizes the 
importance of studying different environmental settings separately. 

In our previous analyses, these three predictor variables, all connected to motorized fraffic, 
were rated on average 30%-60% higher by both males and females in the inner urban areas than in the 
suburban areas [5]. Still, two of these variables stand out as having an inhibiting effect on commuting 
cycling in the suburban areas. One can only speculate on the reason for this. The findings may reflect a 
phenomenon whereby the effect of, for example, noise on the overall ratings of an environmental 
setting can be dependent on the desired expectations in relation to a certain setting {cf. [30]). 
For many people the choice of living in a suburban setting is based on a wish to avoid some 
environmental features of inner urban areas, such as noise. This may load the same variables with a 
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more negative affect in suburban areas than in inner urban areas. That phenomenon has been described 
explicitly for noise in natural settings (e.g., [30]). Another potential cause could be that the qualitative 
nature of noise and the flow of motor vehicles can differ between the areas. For example, 
possible fluctuations in these variables in suburban areas can perhaps be viewed as being more 
problematic than steadier levels in inner urban areas. Furthermore, a certain flow of motorized vehicles 
may stand out more visually in suburban areas with more greenery and low single housing complexes 
than in iimer urban areas dominated by massive physical entities, such as blocks with 5-7-storey-high 
buildings. To the best of our knowledge, these matters have not been studied before. 
Clearly, the influence of route environmental variables in different environmental settings 
deserves future studies. 

4. 6. Inner Urban vs. Suburban Areas 

In summary, three items, namely, greenery, ugly or beautijul and course of the route, contributed to 
the variance of the outcome variable in both the inner urban {cf. [15]) and the suburban areas. 
Also traffic: unsafe or safe contributed when included (Model 2) in both areas. In the inner urban area, 
it took over the role oi congestion: all types of vehicles, whereas in the suburban area it took over the 
role of bicycle paths/lanes/roads. Furthermore, exhaust fumes contributed in the inner urban analyses 
and noise (Model 1) and flow of motor vehicles in the suburban analyses (see Table 9). These findings 
emphasize the importance of studying different environmental settings separately. Indeed, through 
such analyses we can obtain an understanding of which factors seem to be important for bicycle 
commuting independently of the environmental setting, as well as which factors seem to be different 
depending on the context of the environmental setting. 

Table 9. Environmental predictors that contributed significantly to the variance of the 
outcome variable hinders or stimulates. 



Environmental Predictor 



Inner Urban Area [15] 



Suburban Area 



Model 1 Model 2 



Model 1 Model 2 



Exhaust fumes X X 

Noise X 

Flow of motor vehicles X X 

Speeds of motor vehicles 

Speeds of bicyclists 

Congestion: all types of vehicles X 

Congestion: bicyclists 

Conflicts 

Bicycle paths/lanes/roads X 
Traffic: unsafe or safe - X - X 

Greenery X XXX 

Ugly or beautiful X XXX 

Course of the route X XXX 

Hilliness 

Red lights 



Notes: X = Environmental predictor that contributed significantly to the 
variance of the outcome variable hinders or stimulates; In Model 1, traffic: 
unsafe or safe was excluded as a predictor and in Model 2 it was included. 
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4. 7. Strengths and Limitations 

Some strengths as well as limitations regarding this study need to be mentioned and discussed. 
First, the advertisement recruitment strategy used could be questioned. It is difficult to use a 
population-based random sample when working with active commuters since they represent such a 
small proportion of the population. As mentioned, we were concerned about representativity and 
therefore, in a previous study [5], we compared environmental ratings of commuting routes between 
advertisement- and street-recruited bicycle commuters. The street-recruited bicyclists were thought to 
be more representative than the advertisement-recruited bicyclist. Overall, the two groups were in 
conformity. This strengthens the use of the advertisement strategy. Second, the study is based on a 
selected group. This could limit the generalizability. Exploring route environments using the ACRES 
is in a relatively early stage. Therefore, research using different environmental settings and other 
groups of people with different active commuting purposes and with different experiences of active 
commuting is of interest, not least for furthering the state of knowledge regarding behaviour changes 
with the aim of increasing the physical activity level. Third, this study is solely based on self-reports. 
There are numerous considerations to take into account when working with self-reports {cf. [31]). 
The purpose of this study was, however, to explore perceptions. Perceptions, as well as more objective 
aspects of the environment, seem to be important for behaviours [32]. This is obvious in relation to 
safety issues. For example, a road could be appraised as unsafe although it is perfectly safe in reality. 
Future studies that combine subjective and objective measures are of value. Fourth, the statistical 
approach used could be debated. We are in an initial stage working with exploring environmental 
factors in relation to bicycling. We did not feel that we had at the time a sufficient theoretical base to 
use a hierarchical approach. A future challenge is to compare the results from the regression analyses 
of the inner urban and suburban areas statistically. 

Regardless of the possible limitations mentioned, this study has several strengths. The overall 
design is a strength. We study a specific group, namely bicycle commuters, and a specific 
environment, namely route environments. This specificity has been emphasized as being important for 
furthering the state of knowledge [33]. Additionally, we match the behaviour with the environment 
within which the behaviour occurs. The ACRES constitutes a base for this design. In addition, we 
study the whole commuting route, in contrast to other commonly used self-reports that consider only 
the neighbourhood [34,35]. Furthermore, the ACRES has, in contrast to other self-reports with fewer 
response alternatives (e.g., [36]), 15-point response scales. This enables other types of statistical 
analyses. In the case of this study, it was favourable to use a simultaneous multiple regression analysis. 
Also the reliability and validity assessments of the ACRES [5,14] must be regarded as a strength. 
Finally, studying the suburban area separately, which enables comparison with the inner urban areas, 
reveals important similarities as well as differences that furthers the state of knowledge. 

5. Conclusions 

In conclusion, the main results indicate that, in suburban areas, the factors aesthetics, greenery and 
bicycle paths seem to be, independently of one other, stimulating factors for bicycle commuting. 
On the other hand, flows of motor vehicles, noise, and, low "directness" of the route seem to be 
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hindering factors. The effect of including unsafety-safety of traffic as a predictor points to the 
importance of bicycle paths for this appraisal. Furthermore, the results were compared with those from 
a similar study of an inner urban area. The comparison revealed similarities as well as differences 
between the areas. Thus, it is important to study different environmental settings separately. 
In our mind, these results constitute a basis for policy makers, urban planners and advocacy groups to 
consider when aiming at enhancing the route environments for bicycle commuters. 

Acknowledgments 

This work received financial support from the Research Funds of the Swedish Transport 
Administration, the Public Health Funds of the Stockholm County Council, and the Swedish School of 
Sport and Health Sciences, GIH. The authors would like to thank the bicycle commuters for 
volxmtarily participating in this study, PhD Erik Stigell, for his overall engagement in the studies on 
physically active commuting in Greater Stockholm (PACS), Professors Margareta Ihse and Ulf 
Sporrong for their helpftil comments on the geographical descriptions of the study area, BSc Elisabeth 
Berg and Professor Rolf Sundberg for sharing their expertise on multiple regression analysis, 
and Isaac Austin and PhD student Jane Salier Eriksson for checking the language. Finally, we want to 
thank the two anonymous reviewers for their work and valuable comments and suggestions. 

Author Contributions 

Peter Schantz and Lina Wahlgren designed the study. Peter Schantz was involved in the data 
acquisition. Lina Wahlgren checked the data from the PACS Q2 for accuracy, performed the statistical 
analyses and drafted the first version of the manuscript. Peter Schantz drafted parts of the manuscript. 
Both authors read and approved the final manuscript. 

Conflicts of Interest 

The authors declare no conflict of interest. 
References 

1. Physical Activity Guidelines Advisory Committee. Physical Activity Guidelines Advisory 
Committee Report, 2008; U.S. Department of Health and Human Services: Washington, DC, USA, 
2008. 

2. World Health Organization (WHO). Global Strategy on Diet, Physical Activity and Health; 
WHO: Geneva, Switzerland, 2004. 

3. Shephard, R.J. Is active commuting the answer to population health? Sport. Med. 2008, 38, 
751-758. 

4. Shephard, R.J. The exercising commuter: Is commuting a healthy way to be active? Curr. 
Cardiovasc. Risk Rep. 2012, 6, 299-306. 



Int. J. Environ. Res. Public Health 2014, 11 



8298 



5. Wahlgren, L.; Schantz, P. Bikeability and methodological issues using the active commuting 
route environment scale (ACRES) in a metropolitan setting. BMC Med. Res. Methodol. 2011, 11, 
doi:10.1186/1471-2288-ll-6. 

6. World Health Organization (WHO). Preamble to the Constitution of the World Health 
Organization as Adopted by the International Health Conference, New York, 19-22 June, 1946. 
World Health Organization: Geneva, Switzerland, 1948; No. 2, p. 100. 

7. Schantz, P. Physical activity behaviours and enviromnental well-being in a spatial context. 
In Geography and Health— A Nordic Outlook; Schjerstrom, A., Jorgensen, S.H., Sivertun, A., 
Eds.; Swedish National Defence College: Stockholm, Sweden, Norwegian University of Science 
and Technology (NTNU): Trondheim. Norway and Universitat Bonn: Bonn, Germany, 2014; 
pp. 142-156. 

8. Winters, M.; Teschke, K. Route preferences among adults in the near market for bicycling: 
Findings of the cycling in cities study. Am. J. Health Promot. 2010, 25, 40^7. 

9. Tilahun, N.Y.; Levinson, D.M; Krizek, K.J. Trails, lanes, or traffic: Valuing bicycle facilities 
using an adaptive stated preference survey. Transport. Res. A. Pol. 2007, 41, 287-301. 

10. Broach, J.; Dill, J.; Gliebe, J. Where do cyclists ride? A route choice model developed with 
revealed preference GPS data. Transport. Res. A. Pol. 2012, 46, 1730-1740. 

11. Ball, K.; Jeffery, R.W.; Crawford, D.A.; Roberts, R.J.; Salmon, J.; Timperio, A.F. Mismatch 
between perceived and objective measures of physical activity environments. Prev. Med. 2008, 
47, 294-298. 

12. Hoehner, CM.; Brennan Ramirez, L.K.; Elliott, M.B.; Handy, S.L.; Brownson, R.C. Perceived 
and objective environmental measures and physical activity among urban adults. Am. J. Prev. 
Med. 2005, 28, 105-116. 

13. McGinn, A.P.; Evenson, K.R.; Herring, A.H.; Huston, S.L.; Rodriguez, D.A. Exploring 
associations between physical activity and perceived and objective measures of the built 
environment. J. Urban. Health 2007, 84, doi:10.1007/sl 1524-006-9136-4. 

14. Wahlgren, L.; StigeU, E.; Schantz, P. The Active Commuting Route Environment Scale 
(ACRES): Development and evaluation. Int. J. Behav. Nutr. Phys. Act. 2010, 7, 
doi: 10. 1 1 86/1479-5868-7-58. 

15. Wahlgren, L.; Schantz, P. Exploring bikeability in a metropolitan setting: Stimulating and 
hindering factors in commuting route environments. BMC Public Health 2012, 12, 
doi:10.1 186/1471-2458-12-168. 

16. The Municipality of Stockholm, Office of Research and Statistics. Area and Population Density 
by City District (Stockholms Stad, Utrednings-och Statistikkontoret: Areal och befolkningstathet i 
stadsdelsomraden, SDN-delar och stadsdelar 2008-12-31). Available online: 
http://www.usk.stockholm.se/arsbok/b039.htm (accessed on 7 October 2010). (in Swedish) 

17. Wahlgren, L. Studies on Bikeability in a Metropolitan Area Using the Active Commuting Route 
Environment Scale (ACRES). PhD Thesis; Orebro University: Orebro, Sweden, 2011. 

18. Hopkins, W.G.; Marshall, S.W.; Batterman, A.M.; Hanin, J. Progressive statistics for studies in 
sports medicine and exercise science. Med. Sci. Sports Exerc. 2009, 41, 3-12. 



Int. J. Environ. Res. Public Health 2014, 11 



8299 



19. Pikora, T.; Giles-Corti, B.; Bull, F.; Jamrozik, K.; Donovan, R. Developing a framework for 
assessment of the environmental determinants of walking and cycling. Soc. Sci. Med. 2003, 56, 
1693-1703. 

20. Owen, N.; Humpel, N.; Leslie, E.; Bauman, A.; Sallis, J.F. Understanding environmental 
influences on walking: Review and research agenda. Am. J. Prev. Med. 2004, 27, 61-16. 

21. Maas, J.; Verheij, R.A.; Spreeuwenberg, P.; Groenewegen, P.P. Physical activity as a possible 
mechanism behind the relationship between green space and health: A multilevel analysis. 
BMC Public Health 2008, 8, doi:10.1 186/1471-2458-8-206. 

22. Hartig, T.; van den Berg, A.; Hagerhall, C; Tomalak, M.; Bauer, N.; Hansmann, R.; Ojala, A.; 
SyngoUitou, E.; Carrus, G.; van Herzele, A.; Bell, S.; Podesta, M.T.C.; Waaseth, G. Health 
benefits of nature experience: Psychological, social and cultural processes. In Forests, Trees and 
Human Health; Nilsson, K., Sangster, M., Gallis, C, Hartig, T., de Vries, S., Seeland, K., 
Schipperijn, J., Eds.; Springer Verlag: Berlin, Germany, 201 1; pp. 127-169. 

23. Schantz, P. On the Role of Route Environments for Walking, Cycling, Health and Well-being 
(Trafikverket: Rapport 2012:157. Om fardvagsmiljoers betydelse for gang, cykling, halsa och 
valbefmnande); Swedish Transport Administration: Borlange, Sweden, 2012. (in Swedish) 

24. Heinen, E.; van Wee, B.; Maat, K. Commuting by bicycle: An overview of the literature. 
Transport. Rev. 2010, 30, 59-96. 

25. The Municipality of Stockholm, Traffic and Real Estate Adminisfration. Biking in the Inner 
Urban Part of Stockholm (Stockhohns Stad, Gatu- och fastighetskontoret: Att cykla i Stockhohns 
innerstad); Municipality of Stockholm, Traffic and Real Estate Adminisfration: Stockholm, 
Sweden, 2004. (in Swedish). 

26. Gebel, K.; Bauman, A.E.; Petticrew, M. The physical environment and physical activity: 
A critical appraisal of review articles. Amer. J. Prev. Med. 2007, 32, 361-369. 

27. Saelens, B.E.; SalUs, J.F.; Frank, L.D. Environmental correlates of walking and cycling: Findings 
from the fransportation, urban design, and planning literatures. Ann. Behav Med. 2003, 25, 80-91 . 

28. Owen, N.; de Bourdeaudhuij, I.; Sugiyama, T.; Leslie, E.; Cerin, E.; Van Dyck, D.; Bauman, A. 
Bicycle use for transport in an Ausfralian and a Belgian city: Associations with built-environment 
attributes. J. Urban. Health 2010, 87, doi:10.1007/sl 1524-009-9424-x. 

29. Winters, M.; Davidson, G.; Kao, D.; Teschke, K. Motivators and deterrents of bicycling: 
Comparing influences on decisions to ride. Transportation 2011, 38, 153-168. 

30. Benfield, J.A.; Bell, P.A.; Troup, L.J.; Soderstrom, N.C. Aesthetic and affective effects of vocal 
and traffic noise on natural landscape assessment. J. Environ. Psychol. 2010, 30, 103-1 11. 

31. Streiner, D.L.; Norman, G.R. Health Measurement Scales: A Practical Guide to Their 
Development and Use, 4th ed.; Oxford University Press: Oxford, UK, 2008. 

32. Sallis, J.F.; Cervero, R.B.; Ascher, W.; Henderson, K.A.; Kraft, M.K.; Kerr, J. An ecological 
approach to creating active living communities. Annu. Rev. Public Health 2006, 27, 297-322. 

33. Giles-Corti, B.; Timperio, A.; Bull, F.; Pikora, T. Understanding physical activity environmental 
correlates: Increased specificity for ecological models. Exerc. Sport Sci. Rev. 2005, 33, 175-181. 

34. Alexander, A.; Bergman, P.; Hagstromer, M.; Sjosfrom, M. IPAQ environmental module; 
Reliability testing. J. Public Health 2006, 14, 76-80. 



Int. J. Environ. Res. Public Health 2014, 11 



8300 



35. Saelens, B.E.; Sallis, J.F.; Black, J.B.; Chen, D. Neighborhood-based differences in physical 
activity: An environment scale evaluation. Am. J. Public Health 2003, 93, 1552-1558. 

36. Titze, S.; Stronegger, W.J.; Janschitz, S.; Oja, P. Environmental, social, and personal correlates of 
cycling for transportation in a student population. J. Phys. Act. Health 2007, 4, 66-79. 

© 2014 by the authors; licensee MDPI, Basel, Switzerland. This article is an open access article 
distributed under the terms and conditions of the Creative Commons Attribution license 
(http://creativecommons.Org/licenses/by/3.0/). 



